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Assessments of sulfur budget and its evolution in magma are the first order interest of 
volcanology and mantle geochemistry. In this dissertation, two important processes in sulfur cycle 
are mainly discussed: 1) slab-material transport into the sub-arc mantle region, 2) degassing of 
primitive magma during its ascent. A key question grounding these processes is volatile element 
concentrations and isotopic composition in primitive magma, and this is the problem that I discussed 
in this dissertation.  
In the Chapter 1, compilation of published sulfur-isotope data and brief review clarified 
the remaining problems of sulfur cycle in subduction zone: the sulfur isotope composition of magma 
sources and metasomatic agencies. Moreover, globally observed discrepancies between total masses 
of emitted gas measurements and petrologically estimated dissolved gas, commonly called “excess 
degassing, are critical problem for the estimation of volatile-budget and -flux on the Earth’s surface. 
It appears necessary to reconcile the melt inclusion-based volatile budget with the surface 
observation, so that, revisiting the volatile contents in primitive magma.  
In the Chapter 2, features of melt inclusion and analytical methods used in this study were 
summarized for major, trace, volatile elements and sulfur isotope analyses. Melt inclusion is a tiny 
droplet of magma trapped inside of crystal and powerful tool to investigate the pre-eruptive volatile 
budget. Previously reported post-entrapment physical and chemical modifications are described. I 
also discussed about several approaches to correct the effect of modifications such as host-mineral 
growth, diffusive exchange of elements and vapor bubble formation.  
In the Chapter 3, the melt inclusion study of Aso volcano illustrated the method to identify 
the primitive mafic magma responsible for deep volatile flux in a mature volcano with complex 
magmatic processes. This study provides petrological constrains (1) on the depths of the magma 
reservoirs, as well as (2) on the origin of volcanic gases observed today. Aso volcano is a 
constantly-monitored, persistently-degassing volcano, and an ideal site to acquire gas and petrologic 
data. I analyzed the melt inclusions and phenocryst minerals of Holocene basaltic eruption products, 
and reported their major and volatile element concentrations. The samples showed abundant 
evidence of magma mixing, such as reverse mineral zoning, and highly variable mineral and glass 
compositions. SiO2 measured in melt inclusions varied from 46.0 to 65.8 wt. %. High-volatile 
concentration, S up to 3750 ppm, were only found in mafic melt inclusions hosted by high-Fo 
olivine phenocrysts (~Fo82). The pre-eruptive storage depths were determined from volatile 
concentrations: 2 km and 4 km depth for Strombolian eruption and sub-Plinian eruption, respectively. 
The volatile-rich primitive magma, one endmember of the mixed-magma, originated from a deeper 
level (>10 km) than these magma reservoirs. Initial volatile concentrations of the primitive magma 
were determined using multiple constraints: >4.68 wt. % H2O, 400 - 750 ppm CO2, 3750 ppm S, 716 
ppm Cl, and 324 ppm F. The observed variation of volcanic gas composition was best explained by 
the mixing of the gas segregated from at least a depth of 10 km, with that from the shallow 
reservoirs.  
In the Chapter 4, the dataset of olivine-hosted melt inclusion is extended to entire Kyushu 
in order to investigate sulfur systematics in primary magma along the arc segment. This dataset was 
used to infer the nature of slab agent metasomatizing the sub-arc mantle wedge. I measured major, 
trace and volatile elements and S isotopes in melt inclusions from tephras originating from 9 
volcanoes going from northern Kyushu with Oninomi, Yufu, Kuju, and Aso, to southern Kyushu 
volcanoes such as Kirishima (2 cones), Sumiyoshi-ike, and Kaimon, and one back arc volcano, 
Fukue. For each edifice, I identified the less degassed compositions and I selected melt inclusions 
the most representative of the primitive melt composition. Sr/Y ratios underline a clear 
compositional dichotomy between volcanoes from north (Sr/Y>20) and south Kyushu (Sr/Y<20), 
separated by the Kyushu-Palau ridge. Trace element systematics indicated the presence of slab agent 
being hotter and recording stronger slab-melt signature with residual garnet beneath northern 
Kyushu. Two volcanoes, Fukue and Oninomi were outside of these two groups and were interpreted 
as originating from a mantle wedge metasomatized by little inputs from the slab. The δ34S in melt 
inclusions ranged between -0.32±0.79 ‰ and +9.43±0.47 ‰ (2σ) and traced the source of the 
magma from the different volcanoes, rather than degassing or crustal fractionation process. δ34S 
were not affected by the nature of the fluid (aqueous or melt) metasomatizing the mantle wedge, 
therefore it is not the first order factor controlling the sulfur isotope variations. Instead, this study 
illustrated the need for a heavy δ34S component, likely sulfate from seawater, contained in the agent 
metasomatizing the mantle beneath the arc. 
In the Chapter 5, important findings and implications provided in this dissertation are 
summarized.
